Humans discount larger delayed rewards less steeply than smaller rewards, whereas no such magnitude effect has been observed in rats (and pigeons). It remains possible that rats' discounting is sensitive to differences in the quality of the delayed reinforcer even though it is not sensitive to amount. To evaluate this possibility, Experiment 1 examined discounting of qualitatively different food reinforcers: highly preferred versus nonpreferred food pellets. Similarly, Experiment 2 examined discounting of highly preferred versus nonpreferred liquid reinforcers. In both experiments, an adjusting-amount procedure was used to determine the amount of immediate reinforcer that was judged to be of equal subjective value to the delayed reinforcer. The amount and quality of the delayed reinforcer were varied across conditions. Discounting was well described by a hyperbolic function, but no systematic effects of the quantity or the quality of the delayed reinforcer were observed.
_______________________________________________________________________________
For pigeons and rats, the relation between the subjective value of a reinforcer and the delay until its receipt is well described by a discounting function of the form:
where V is the subjective value of the delayed reinforcer, A is the amount of the delayed reinforcer, D is the delay to reinforcer delivery, and k is a parameter that reflects the discount rate (Mazur, 1987) . Typically, human delay discounting data are better fit if the denominator of Equation 1 is raised to a power (e.g., Myerson & Green, 1995) , but this is rarely necessary with data from nonhuman animals. Another difference between discounting by humans and nonhumans is that in humans, the rate of discounting depends on the amount of the delayed reward, with larger amounts discounted less steeply than smaller amounts. This finding, termed the magnitude effect, has been demonstrated repeatedly in humans with different types of hypothetical rewards: with larger and smaller amounts of money (Green, Myerson, & McFadden, 1997; Kirby, 1997) , cigarettes (Baker, Johnson, & Bickel, 2003) , heroin (Giordano et al., 2002) , and health outcomes (Chapman, 1996) . In contrast, studies of nonhuman animals discounting delayed food or liquid reinforcers have failed to observe a magnitude effect (Green, Myerson, Holt, Slevin, & Estle, 2004; Richards, Mitchell, de Wit, & Seiden, 1997) . There is even some evidence that this may be the case in nonhuman primates (Freeman, Green, Myerson, & Woolverton, 2009) .
The basis for this difference between the results of studies of humans and other animals is unclear, but it is apparently not due to differences in the types of delayed outcomes studied. Although most human studies have involved choices between hypothetical outcomes, Kirby (1997) and Johnson and Bickel (2002) observed magnitude effects with both real and hypothetical monetary rewards. Moreover, Jimura, Myerson, Hilgard, Braver, and Green (2009) recently reported that humans discount larger amounts of real liquid rewards less steeply than smaller amounts.
The fact that the same equation provides a good description of both human and nonhuman delay discounting data suggests that decision-making processes are relatively preserved across species, whereas the apparent absence of a magnitude effect in nonhumans highlights what might be an important difference. For example, delay discounting in humans may involve aspects of language, as indicated by framing effects (Kahneman & Tversky, 1984) , that may interact with the way in which rewards are devalued with delay (Grace & McLean, 2005) .
Before concluding that nonhuman animals do not show magnitude effects, we wanted to revisit this issue using a different, more general conceptualization of magnitude. More specifically, one can conceptualize magnitude effects as reflecting the shallower discounting of more highly valued reinforcers. Larger and smaller amounts of reward certainly differ in value, but there also are other determinants of value. For example, given a choice between equal amounts of two qualitatively different reinforcers, the one which is highly preferred may be assumed to have greater value (Rachlin, 1971) . Accordingly, the present study explored the possibility that in nonhuman animals, one might observe a magnitude effect with qualitatively different reinforcers even though magnitude effects are not observed with different amounts of the same reinforcer. That is, it is possible that animals' discounting may be more sensitive to reinforcer quality than quantity, and thus highly preferred delayed reinforcers may be discounted less steeply than nonpreferred delayed reinforcers.
Although evidence suggests that reinforcer amount and quality function similarly under other circumstances (e.g., Ettinger, McSweeney, & Norman, 1981; Hutt, 1954; Miller, 1976) , the question of whether humans differ from other animals with respect to discounting seems of sufficient importance to bear the closest examination. This is especially true given that a recent discounting study ( Jimura et al., 2009) showed that humans, like nonhumans (e.g., Richards et al., 1997) , discount real liquid rewards delayed by only seconds, thereby calling into question what had appeared to be a robust species difference-the supposedly greater impulsivity or impatience of nonhumans relative to humans.
If the value of a reinforcer is a function of both its quality and quantity (Rachlin, 1971) , and magnitude effects reflect the shallower discounting of more highly valued reinforcers, then increasing the quality of a delayed reinforcer might be expected to decrease the rate at which it is discounted. Farrar, Kieres, Hausknecht, de Wit, and Richards (2003) attempted to test this hypothesis by comparing rats' discounting of delayed sucrose reinforcers that differed in concentration and found that the sweetest (30%) solution was discounted more steeply than weaker (3% and 10%) solutions. These results were the exact opposite of what was expected based on the assumption that the sweetest solution would be the most valued and therefore discounted less steeply than weaker, lower valued solutions.
Given these apparently anomalous results, Farrar et al. (2003) conducted a follow-up experiment using the same discounting procedure, but varying the concentration of the delayed solution while holding the concentration of the immediate solution constant at 3%. Only one 4-s delay condition was studied. Farrar et al. found that when the concentration of delayed solution was 30%, the amount of immediate 3% solution chosen equally often was significantly lower than when the concentration of the delayed solution was 3% or 10%. Farrar et al. interpreted these results as indicating that the 30% solution was the least preferred, in which case the lowest valued reinforcer in Experiment 2 was discounted the most steeply in Experiment 1, a result that would be consistent with a magnitude effect in rats. However, they also indicated that further studies which determine entire discounting functions are needed, and, we might add, such studies should also conduct standard preference tests using the same animals in which discounting is measured.
Accordingly, the first experiment of the present study was designed as a systematic replication of Farrar et al. (2003) in which, unlike the previous study, rats' preferences among several foods were tested before they began the discounting experiment, as well as during and at the end of the experiment. The amount of the delayed food reinforcer also was varied across discounting conditions. A second experiment examined the effect of varying the quality and amount of liquid reinforcers on rats' delay discounting.
EXPERIMENT 1 METHOD Subjects
Five naïve, male, Sprague-Dawley rats, obtained from Charles River Laboratories International, were individually housed in an animal colony room with a 12:12 hr light/ dark cycle. Rats were approximately 120 days old at the beginning of the study. The rats had water continuously available in their home cages and were provided 1-hr access to food (Purina Rodent Diet, LabDiet 5001) after each daily session.
Apparatus
Two experimental chambers (Coulbourn Instruments, Inc.), 28 cm long, 23 cm wide, and 30.5 cm high, were housed within soundand light-attenuating enclosures equipped with ventilation fans that masked extraneous noise. Stimuli were presented and responses were recorded using a MED Associates interface and MED-PC TM software running on a personal computer in an adjacent room.
Three retractable steel response levers, 4.8-cm wide and extending 1.9 cm into the chamber, were mounted on the front panel of the experimental chamber. When extended, a 0.25 N force was required to operate a lever. Right and left response levers were located 19 cm above the grid floor and 15.2 cm apart. The center lever was located 15.2 cm above the floor and was centered on the front panel. A 7-W white houselight was mounted in the center of the ceiling. Three triple-cue lamps were used, each capable of displaying red-, yellow-, and green-colored LED stimuli. Each LED was 1 cm wide and 1 cm high; the three LEDs were arranged horizontally with 1 cm between them. One triple-cue lamp was mounted 5 cm above each response lever, and only one color was active for each lamp: green over the right lever, yellow over the center lever, and red over the left lever. Food pellets (14 mg) could be dispensed into either of two food magazines located below the right and left levers and 1.3 cm above the grid floor. During reinforcement, a white light illuminated the food magazine in use, and pellets were dispensed at a rate of one every 0.6 s. The light remained illuminated until 3 s had elapsed after the rat removed its head from the magazine. Infrared photo detectors were mounted in the food magazine to detect when the rat's head entered the magazine.
Home cage preference tests were conducted in a 46-x 24-x 20-cm cage similar to the rats' home cages. Two 14 x 5.7 x 3.2-cm feeding troughs were mounted on the floor in the right and left corners along the length of the cage.
Three types of food pellets were used: Sucrose pellets (100% sucrose pellets, Research Diets, Formula PJFSC); cellulose pellets (75% cellulose/ 25% sucrose pellets, Research Diets, Formula PJF-75% Cellulose); and precision pellets (Research Diets, Formula PJPPP). The precision pellet consisted of approximately 50% sucrose by weight and provided complete nutrition.
Procedure
Training. On each of 3 days, rats were given 1-hr free access to one of the pellet types in their home cages to familiarize them with the pellets. They then were trained to eat from the lighted magazines for two sessions. After pressing was shaped on the center lever, the rats were exposed to a fixed-ratio 1 (FR 1) schedule in which the right and left levers alternated randomly for three sessions. Each of these three sessions ended when 200 pellets had been delivered. The type of pellet varied across sessions, and each rat was exposed to the pellets in a different order.
Preference Tests
Four preference tests were conducted during the experiment. The first and second preference tests, which were conducted prior to the discounting procedure and following the first four discounting conditions, respectively, used an operant-choice procedure. The third and fourth preference tests were conducted in a cage similar to the subjects' home cages. The third test was conducted on the days immediately following the second preference test, and the fourth and final test was conducted immediately following the final discounting condition.
Operant-choice preference tests. In separate sessions, rats were given a choice between each of the three possible pairings of pellet types with each pairing being presented twice in order to control for side preferences. Thus, there were six possible pairings: sucrose versus cellulose and cellulose versus sucrose, sucrose versus precision and precision versus sucrose, cellulose versus precision and precision versus cellulose. The six pairings were arranged into two randomly ordered sequences. Rats 71, 72, and 73 were tested with one sequence, and Rats 74 and 75 with the other. At least three sessions were conducted for each pairing, and each testing with each pairing was terminated when percentage choice during free-choice trials for a side did not vary by more than 10% for two consecutive sessions.
Operant-choice preference tests were conducted daily, and each testing session ended after four blocks of trials had been completed or 45 min had elapsed, whichever came first. Each block of trials consisted of 4 forcedchoice trials followed by 10 free-choice trials. Of every four forced-choice trials, two were forced choices to the right lever and two to the left lever, presented in a random order across blocks.
The beginning of a trial was signaled by illumination of the center yellow cue light and the extension of the center lever into the chamber. On free-choice trials, a single press retracted the center lever, darkened the center cue light, extended the right and left levers into the chamber and illuminated the right (green) and left (red) cue lights. A press on the right lever retracted both levers, darkened the left cue light and the houselight, and initiated a 0.5-s delay, during which only the right cue light remained illuminated. After the delay, the cue light was extinguished, the right magazine light illuminated, and five pellets were dispensed into the right magazine at a rate of one pellet every 0.6 s. Similarly, a press on the left lever retracted both levers, darkened the right cue light and the houselight, and initiated a 0.5-s delay, during which only the left cue light remained illuminated. After the delay, the cue light was extinguished, and five pellets were dispensed into the left magazine. On both left and right choice trials, the magazine light was extinguished 3 s after the rat removed its head from the magazine, and the houselight reilluminated. Seventy seconds after a choice response, the next trial began. The procedure on forced-choice trials was similar except that only one side lever was extended and active, and only its cue light illuminated.
Home-cage preference tests. Test sessions were administered at approximately the same time daily and consisted of 30 min of free access to two types of food pellets. Tests began by placing the rat in the cage approximately equidistant from the right and left food troughs, each of which contained 80 g of food pellets. After 30 min had elapsed, rats were returned to their home cages and given 1 hr of access to food (Purina Rodent Diet) and free access to water. Preference was measured as the percentage of pellets consumed of each type out of the total eaten during that session. Rats were initially exposed to one pairing, and on the following session, the position of each pellet type in the cage was reversed. Each pairing and location was presented for one session, for a total of six sessions. Only one preference test session was conducted each day. On the days in which a preference test session was conducted, no other experimental procedures were implemented.
Delay Discounting Procedure
Experimental sessions were conducted daily. Sessions ended after 8 (for the larger amount condition) or 10 (for the smaller amount condition) blocks of trials had been presented or after 75 min had elapsed, whichever came first. Each block of trials began with two forced-choice trials followed by two free-choice trials. One of the forced-choice trials was to the delayed, standard alternative, and the other was to the adjusting, immediate alternative. Which forced-choice trial came first was randomly determined.
As in the operant-choice preference tests, the beginning of a trial was signaled by illumination of the center yellow cue light and the extension of the center lever into the chamber. On free-choice trials, a single press retracted the center lever, darkened the center cue light, extended the right and left levers into the chamber and illuminated the right (green) and left (red) cue lights. A press on the right lever retracted both levers, darkened the left cue light and the houselight, and initiated a delay whose duration varied across conditions. After the delay, the cue light was extinguished, the right magazine light illuminated, and either 10 or 30 pellets were dispensed into the right magazine, depending on the amount condition. Similarly, a press on the left lever retracted both levers, darkened the right cue light and the houselight, and initiated a 0.5-s delay, after which, the cue light was extinguished and a variable number of pellets (determined by choices in the previous block of trials) was dispensed into the left magazine. Three seconds after the rat removed its head from the magazine, the magazine light was extinguished and the houselight was reilluminated. Seventy seconds after a response on either the left or right lever, a new trial began. The procedure on forced-choice trials was similar except that only one side lever was extended and only its cue light illuminated.
For the first block of trials in a phase, a response on the left, adjusting-amount lever produced a single pellet and a response on the right, standard-amount lever was either 10 or 30 pellets, depending on the condition. On subsequent blocks, the number of pellets for a choice of the adjusting alternative depended on choices in the preceding block. If the rat had chosen the adjusting, immediate alternative on both free-choice trials, then the number of pellets for this alternative decreased by one, whereas if the rat had chosen the standard alternative on both free-choice trials, then the number of pellets increased by one. If the rat had chosen both the adjusting and the standard alternative during the preceding block, then the number of pellets for the adjusting alternative was not changed. After the first session in each phase, the starting value (i.e., the number of pellets) for the adjusting alternative in subsequent sessions was determined based on the choices in the final block in the preceding session.
Discounting conditions differed in the amount of the standard, delayed alternative and also in the types of food pellet delivered for responses on the standard-and adjustingamount levers. Specifically, two amounts (10 and 30 pellets) were crossed with three pellet types (precision, cellulose, and sucrose) for a total of six possible conditions. Four rats completed five conditions; the remaining rat completed all six conditions. At minimum, then, all rats completed a quality comparison at two amounts and an amount comparison at two qualities.
Within a condition, indifference points were determined at each of four delays to the standard alternative: 2, 4, 8, and 24 s. For example, in the 4-s delay phase of the 10-pellet/precision-pellet condition, the rat would choose between an adjusting number of precision pellets that were received immediately and 10 precision pellets that were received after a 4-s delay. Once the animal was indifferent between these two alternatives, a different standard delay phase was initiated. The order of these delays was varied between conditions and between rats. All standard delay phases were completed before a new condition was begun. Each rat experienced the 10-and 30-pellet precision and cellulose conditions in a different order. In addition, 4 rats subsequently experienced either the 10-or 30-pellet sucrose condition, and 1 rat experienced both. The order of conditions for each rat is given in Table 1 . The number of sessions to indifference for a condition, summed across the four delay phases, ranged from 68 to 155.
Indifference between the choice alternatives was assessed after a minimum of 150 blocks of trials. Indifference was determined as follows. The last 50 blocks of trials were divided into 10 groups of five blocks each, and the mean number of pellets delivered by the adjusting alternative for each of these 10 block-groups was determined. These 10-block means then were compared to the overall adjusting-alternative mean for the same 50 blocks. A rat was considered to be indifferent between the alternatives when (a) none of the means of the 10 block-groups deviated by more than two pellets from the overall mean, (b) neither the first nor the last of these 10 block-group means contained the highest or the lowest mean value, and (c) there was no visible upward or downward trend in the block-group means. When these criteria were met, the indifference point was the mean number of pellets over the last 50 blocks.
RESULTS

Preference Tests
As may be seen in Figure 1 , each rat strongly preferred the sucrose and the precision pellets to the cellulose pellets in both the operantchoice and home-cage preference tests. For example, on the first operant-choice preference test, sucrose pellets were chosen over cellulose pellets on 92.5 to 100% (M 5 97.2%) of the trials, and precision pellets were chosen Choice between the preferred and nonpreferred types of pellets (i.e., sucrose and precision vs. cellulose) remained unchanged across preference tests. This is important because it makes possible a clear contrast between discounting of preferred and nonpreferred pellets. Choice between the two types of preferred pellets, however, did vary by test type and occasion. Two rats changed Cust # 71-09 their preference between the first and second operant-choice tests: Rats 71 and 72 went from preferring sucrose to precision pellets to relative indifference between the two. In contrast, all rats strongly preferred the precision pellets to the sucrose pellets in both home-cage tests whereas none did in the operant-choice tests. Figure 2 shows relative subjective value (i.e., subjective value of the delayed reinforcer as a proportion of its actual amount) as a function of delay for each reinforcer amount (10 and 30 pellets) and type (precision, sucrose, and cellulose pellets). Equation 1 was fitted to the data for each condition, and the curves represent the least squares best fits. Estimates of the discount rate parameter, k, and the proportion of variance accounted for (R 2 ) are given in Table 2 . A simple hyperbola (Eq. 1) accounted for 49 to 98% of the variance in subjective value for individual rats (median 5 83.5%).
Delay Discounting
Inspection of the k parameters for the different conditions reveals no systematic difference in rate of discounting as a function of either reinforcer amount or type. Only 1 of the 5 rats (R75) consistently discounted the smaller amount of each pellet type more steeply than the larger amount, and only 1 rat (R73) consistently discounted the nonpreferred cellulose pellets more steeply than highly preferred pellets at both amounts. Note, however, that the rat that showed an effect of amount on rate of discounting did not show an effect of type of reinforcer, and the rat that showed an effect of reinforcer type did not show an effect of amount. Moreover, 2 rats (R72 and R74) showed some evidence of consistent amount-dependent discounting, but in the direction opposite to that of the magnitude effect, discounting the smaller amount less steeply than the larger amount regardless of pellet quality.
The area-under-the-curve (AuC) measure provides another basis for evaluating the degree of discounting, one that does not require assuming a particular theoretical form for the discounting function (Myerson, Green, & Warusawitharana, 2001 ). Inspection of Figure 3 , which shows the AuC for each rat for each of the discounting conditions, reveals no evidence of any systematic difference in discounting rate across either reinforcer amounts or types (note that a smaller AuC indicates steeper discounting). Again, R75 showed consistently steeper discounting of the smaller delayed amount. R73, the one rat to show a consistent effect of quality in the preceding comparison based on estimates of the k parameter, showed a quality effect for only one of the preferred pellet types (precision pellets) but not the other (sucrose) when AuC values were compared. Overall, both the estimates of the k-parameter and the AuC measures suggest that rats show equivalent discounting of smaller and larger amounts of preferred and nonpreferred food reinforcers.
DISCUSSION
Results from all four of the preference tests indicated that every rat strongly preferred the precision and sucrose pellets to the cellulose pellets. Rats' preference between the precision and sucrose pellets was less clear in that different results were obtained with the different types of preference tests. Preference for precision pellets, as measured by the operantchoice test, increased from the first to second testing occasions in 2 rats, perhaps because of the effect of familiarity (Hill, 1978; Partridge, 1981) due to the fact that they had extensive experience in two discounting conditions with precision pellets but none with the sucrose pellets over this time period. Thus, although it is unclear whether the rats actually had a preference between these two pellet types, what is clear is that both were overwhelmingly preferred to the cellulose pellets.
If more preferred reinforcers are valued more highly, then (by analogy with magnitude Cust # 71-09 effects in human studies) such reinforcers might be expected to be discounted less steeply than less preferred reinforcers. However, the results of Experiment 1 are not consistent with this expectation in that the two highly preferred reinforcers (precision and sucrose pellets) were not discounted less steeply than the least preferred reinforcer (cellulose pellets). In addition, 30-pellet reinforcers were not discounted less steeply than 10-pellet reinforcers. Thus, the present results are consistent with those of previous studies of nonhuman animals in which smaller and larger amounts of reinforcers were discounted at equivalent rates Richards et al., 1997) , in contrast to the many reports of a magnitude effect in humans (e.g., Green et al., 1997; Kirby, 1997) .
EXPERIMENT 2
The one previous report of a magnitude effect in rats based on comparison of different sucrose concentrations (Farrar et al., 2003) did not measure preference among the sucrose concentrations in the same subjects in whom discounting was measured. In addition, the Farrar et al. study used liquid reinforcers whereas the present study used food pellets. Accordingly, we conducted a second experiment in which we compared rats' discounting of two liquid reinforcers, after assessing their preferences among three different reinforcers in order to establish which was the most and which was the least preferred.
METHOD
Subjects
Six naïve male Sprague-Dawley rats, obtained from Charles River Laboratories International and approximately 120 days old at the beginning of the experiment, were individually housed in an animal colony room with a 12:12 hr light/dark cycle. The rats had food continuously available in their home cages (Purina Rodent Diet, LabDiet 5001) and were provided 30 min of access to water after each daily session.
Apparatus
For the discounting procedure, two experimental chambers (Coulbourn Instruments, Inc.) were used. All dimensions of the chamber and equipment were the same as those from Experiment 1 except that recessed steel cups, 3 cm in diameter, were used as receptacles for the liquid reinforcers. Liquids were dispensed into the cups by syringe pumps (Med Associates, Inc, PHM-100) containing 60-cc plastic syringes connected to the cups via sterile plastic tubing. Each chamber was equipped with two pumps, one connected to the right cup and the other connected to the left cup. The rate at which the liquids were dispensed was 177 mL/s. The flow rate was checked once per week throughout the experiment and never varied by more than 4 mL/s.
Home-cage preference tests were performed in a cage similar to the rats' home cage. Two 60-cc syringes with a lick-tube rubber stopper and filled with 50 cc of liquid were placed on the right and left sides of the cage's ceiling grate. Three types of liquids were used in the experiment: saccharin (0.25% wt/vol saccharin sodium salt hydrate in distilled water); quinine (0.008% wt/vol quinine hydrochloride dyhydrate in distilled water); and water (distilled water). For each rat, only the most and least preferred liquids were used in the discounting conditions.
Procedure
Training. On each of 3 days, the rats were given 1-hr free access to one of the liquids in their home cages to familiarize them with each of the liquids. After this familiarization, the rats were placed in the operant chamber and trained to drink from the lighted cups for two sessions. All other aspects of training were similar to Experiment 1.
Preference tests. Home-cage preference tests similar to those in Experiment 1 were conducted on two occasions, once prior to the discounting conditions and again at the conclusion of the discounting conditions. Delay discounting procedure. All aspects of the discounting procedure were similar to Experiment 1, except for those pertaining to delivery of the reinforcer. Conditions differed in the amount of the standard, delayed alternative and the type of liquid reinforcer used. Specifically, two delayed amounts (100 mL and 500 mL) were crossed with two types of liquid (saccharin and quinine) for a total of four possible conditions. Two rats completed two discounting conditions, 3 rats completed three conditions, and the remaining rat completed all four conditions. At a minimum, each rat completed at least one comparison of the same amount of two different types of liquid reinforcer. The first two conditions for 3 of the rats involved the two types of 100-mL delayed reinforcers; for the other 3 rats the first two conditions involved the two types of 500-mL delayed reinforcers. The order of conditions for each rat is given in Table 3 . The number of sessions to indifference for a condition, summed across the four delay phases, ranged from 104 to 299.
Indifference between choice alternatives was assessed in a similar manner to that used in Experiment 1. Of the three criteria used previously, the only difference was that a rat was considered to be indifferent between the alternatives when none of the means of the 10 block-groups deviated by more than 20% of the overall mean. Figure 4 shows the results of the home-cage preference tests which revealed that each rat overwhelmingly preferred the saccharin to the quinine solution, the water to the quinine solution, and the saccharin solution to the water. When saccharin was compared to quinine, saccharin consumption ranged from 80.4 to 98.7% (M 5 93.7%) of the total liquid consumed in the first preference test and from 81.7 to 98.6% (M 5 92.4%) in the second test. When water was compared to quinine, water consumption ranged from 80.6 to 94.3% (M 5 90.0%) of the total liquid consumed in the first preference test and from 82.0 to 91.9% (M 587.7%) in the second test. Finally, when saccharin was compared to water, saccharin consumption ranged from 85.1 to 100.0% (M 5 92.3%) in the first test and from 83.2 to 93.5% (M 5 90.0%) in the second test. These results indicate that saccharin was the most highly preferred liquid whereas quinine was the least preferred. Thus, comparison of the discounting of saccharin and quinine provides a stringent test of whether rats discount preferred reinforcers less steeply than nonpreferred reinforcers. Figure 5 shows relative subjective value as a function of delay for 100-and 500-mL saccharin and quinine reinforcers. Fig. 4 . Results of the preference tests for each rat in Experiment 2. Bars show the percentage consumed of the alternative that appears first in the pairs noted along the x-axis.
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to the data for each condition, and the curves represent the least squares best fits. Estimates of the discount rate parameter, k, and the proportion of variance accounted for (R 2 ) are given in Table 4 . A simple hyperbola (Eq. 1) accounted for 60 to 99% of the variance in subjective value for individual rats (median 5 88.5%). Inspection of the k parameter values at each delayed amount reveals that the preferred saccharin reinforcer was discounted less steeply than the quinine reinforcer in only one out of seven cases. Moreover, the larger amount of reinforcer was discounted less steeply than the smaller amount in only one case but more steeply in three cases. Figure 6 , which shows the AuC for each rat for each of the discounting conditions, reveals similar patterns of results with respect to the discounting of the preferred versus the nonpreferred reinforcer at the same amount and the larger versus the smaller amount of the same type of reinforcer. Overall, both the estimates of the k-parameter and the AuC measures suggest that rats show no systematic differences in the rates at which they discount smaller and larger amounts of preferred and non-preferred liquid reinforcers.
DISCUSSION
In preference tests both before and after the discounting conditions, every rat overwhelmingly preferred the saccharin to the quinine solution. This extreme difference in preference allows for a clear test of the hypothesis that, analogous to the magnitude effect observed in humans, rats discount more preferred reinforcers less steeply than nonpreferred reinforcers. Despite the extreme preference for saccharin, however, neither the discount rate parameter (k) nor the areaunder-the-curve measure of discounting revealed evidence of systematic differences in the rate at which the rats discounted the two types of reinforcer.
GENERAL DISCUSSION
The results of both Experiments 1 and 2 suggest a fundamental difference between nonhuman and human discounting. The rats in these experiments showed no systematic differences between the rates at which they discounted highly preferred and nonpreferred delayed food reinforcers (Experiment 1) or between the rates at which they discounted highly preferred and nonpreferred delayed liquid reinforcers (Experiment 2). Moreover, there were no systematic differences between the discounting of smaller and larger amounts of food (Experiment 1) and liquid (Experiment 2) reinforcers, consistent with previous studies of delay discounting in rats Richards et al., 1997) . Previous studies with pigeons and monkeys (Freeman et al., 2009 ) also failed to find an effect of reinforcer amount. These findings stand in contrast to the results of studies with humans, who show robust magnitude effects, discounting larger amounts of delayed rewards less steeply than smaller amounts (for a review, see .
Although most reports of magnitude effects in humans concern the discounting of hypothetical monetary rewards, significant magnitude effects also have been observed with other hypothetical rewards, including cigarettes (Baker et al., 2003) , heroin (Giordano et al., 2002) , and health outcomes (Chapman, 1996) , as well as with hypothetical candy, soda, and beer rewards (Estle, Green, Myerson, & Holt, 2007) . Humans also have been shown to discount larger amounts of real money less steeply than smaller amounts ( Johnson & Bickel, 2002; Kirby, 1997) . Importantly, Jimura Taken together, this evidence suggests that the absence of a magnitude effect with nonhumans, despite the robustness of such an effect in humans, is not due to differences in the choice outcomes studied. That is, previous studies of discounting in humans have shown that magnitude effects are not restricted to one type of delayed reward (e.g., hypothetical vs. real; monetary vs. directly consumable), and magnitude effects have been observed in humans when subjects were deprived of a real delayed reward and actually had to wait for its delivery. Thus, previous studies with humans have whittled away at the procedural differences that might explain the presence of magnitude effects in humans despite their absence in nonhumans.
The present study took a different approach to the issue of magnitude effects. Previous studies have varied the types of delayed rewards used with humans in order to make them more like those used with nonhumans (i.e., real and directly consumable). Indeed, even when more comparable rewards were used, humans, unlike nonhumans, still showed a magnitude effect (Jimura et al., 2009 ). In the present study, we varied the types of reinforcers used in order to see if a magnitude effect emerged. Specifically, we compared rats' discounting of qualitatively different reinforcers, reasoning that highly preferred reinforcers are more highly valued. Despite the rats' overwhelming preference for precision food pellets over cellulose pellets (Experiment 1) and for a saccharin solution over a quinine solution (Experiment 2), no systematic differences in the rates at which the different reinforcer types were discounted were observed in either experiment.
There remain, of course, a few potentially important differences between the ways in which discounting studies with human and nonhuman subjects are conducted, and one of these may yet turn out to be responsible for the difference in the response of humans and nonhumans to the value or magnitude of delayed rewards. One difference that may prove to be important is the fact that reward amounts and delays have been symbolically signaled in human studies but not in studies with nonhuman animals (Jimura et al., 2009) . If future studies were to show magnitude effects in humans even when amounts and delays are not symbolically signaled, then it will be of interest to determine at what point in human development magnitude effects emerge. Although magnitude effects are already present by age 12 (Green, Fry, & Myerson, 1994) , knowing the age at which children first begin to differentially discount larger and smaller delayed outcomes may shed light on the behavioral mechanism involved. Alternatively, further research may yet reveal conditions under which nonhuman animals do show a magnitude effect. Nevertheless, it seems clear that under conditions where one would have expected to observe such effects, they apparently do not occur.
